Background Effective treatment of rheumatoid arthritis (RA) with biologic DMARDs poses a significant economic burden. The AMPLE (Abatacept versus adaliMumab comParison in bioLogic-naïvE RA subjects with background methotrexate) trial was a head-to-head, randomized study comparing abatacept with adalimumab. A post hoc analysis showed improved efficacy for abatacept in patients with versus without seropositive, erosive early RA. Objective The aim of the current study was to evaluate the cost per response (ACR20/50/70/90 and HAQ-DI) and patient in remission (DAS28-CRP, CDAI, and SDAI) for abatacept relative to adalimumab, in patients with seropositive, erosive early RA in the US, Germany, Spain, and Canada. Methods A previously published model was used to compare abatacept and adalimumab in a cohort of 1000 patients over 2 years. Clinical inputs were updated based on two subpopulations from the AMPLE trial. Cohort 1 included patients with early RA (disease duration ≤ 6 months), RF and/or ACPA seropositivity, and > 1 radiographic erosion. Cohort 2 included patients with RA in whom at least one of these criteria was absent. Results For cohort 1, all incremental costs per additional health gain (patient response or patient in remission) favoured abatacept in all countries, except for DAS28-CRP remission in Canada. Cost savings versus adalimumab were greater when more stringent response criteria were applied and also in cohort 1 patient (versus cohort 2 patients). Conclusion The cost per responder and patient in remission favoured abatacept in patients with seropositive, erosive early RA across all the countries. In this patient population, the use of abatacept instead of adalimumab can lead to lower costs in the US, Germany, Spain, and Canada.
Introduction
Rheumatoid arthritis (RA) is a chronic, progressive, systemic autoimmune disease. The course of RA is variable, and is characterized by inflammation and swelling of synovial joints that often progresses to destructive joint disease, joint damage, impaired joint function, pain, tenderness, increasing disability, and even cardiovascular mortality [1] [2] [3] . RA has a significant economic burden, due to both direct medical and non-medical costs and indirect costs; Lundkvist et al. [4] estimated the total health costs (direct, indirect, and informal care) of RA to be approximately €45 billion per year in Europe and €41.6 billion in the US.
Payers' attention has been drawn to RA over the years due to its high epidemiological impact, relatively early age at disease onset, chronic nature, high rate of comorbidities, and effects on patients' disability, quality of life, and work productivity [5] . The introduction of effective, though more expensive, biological disease-modifying antirheumatic drugs (bDMARDs) has further increased the level of attention on this condition.
According to the American College of Rheumatology (ACR) [6] and European League Against Rheumatism (EULAR) guidelines [7] , abatacept, a selective T-cell costimulation modulator, is included as an option for use as a first-line bDMARD in patients with an inadequate response to the conventional DMARD therapy. These guidelines place abatacept alongside TNF-alpha inhibitors, which have traditionally been the main first-line biologic therapy.
Adalimumab is a fully human TNF-alpha inhibitor approved for active rheumatoid arthritis. The AMPLE (Abatacept versus adaliMumab comParison in bioLogicnaïvE RA subjects with background methotrexate) trial was a 2-year, head-to-head, randomized study (1-year primary endpoint) comparing subcutaneous (SC) abatacept 125 mg weekly with SC adalimumab 40 mg every other week, both in combination with a stable dose of methotrexate (≥ 15 and ≤ 25 mg/week or ≥ 7.5 mg/week if documented intolerance to higher doses). Clinical outcomes evaluated included: American College Rheumatology ACR 20, 50, 70, and 90 responses, changes in Disease Activity Score in 28 joints using the C-reactive protein level (DAS28-CRP) score, DAS28-CRP < 2.6 and ≤ 3.2, improvement in the Health Assessment Questionnaire-Disability Index (HAQ-DI) ≥ 0.3 units, and remission (post hoc analysis) [8] [9] [10] . Safety assessments were classified using the Medical Dictionary for Regulatory Activities. Adverse events (AEs) of special interest included infections, autoimmune events, malignancy, and injection site reactions (ISRs). Efficacy and safety outcomes were evaluated at days 1, 15, 29, and every 4 weeks thereafter during year 1, and every 3 months during year 2. Clinical assessors were blinded to patient treatment and assessed patients' joints, disease activity, and defined AE causality [11] .
The AMPLE trial demonstrated similar clinical efficacy for abatacept and adalimumab based on clinical, functional, and radiographic outcomes, with some notable differences in safety [11, 12] . Post hoc analyses of the AMPLE trial showed improved efficacy for patients with higher ACPA titre levels compared with ACPA-negative patients. This effect was observed in both clinical efficacy measures (ACR20, 50, 70, 90, and DAS28-CRP) and in health-related quality of life (HAQ-DI) [11] .
Anti-citrullinated protein antibody (ACPA) and rheumatoid factor (RF) positivity are prognostic factors for more severe and erosive RA [13] . The presence of seropositivity (ACPA or RF positive) and erosions has been noted in the EULAR treatment guidelines to identify patients with RA, who require the early and aggressive clinical intervention [13] . As disease in patients with seropositive, erosive early RA is mostly driven by immunological features, response to RA therapy may vary [12] . Recently, new post hoc analyses of the AMPLE trial confirmed improved efficacy for abatacept in patients with seropositive, erosive early RA (defined as: disease duration ≤ 6 months, RF or ACPA seropositivity, and > 1 radiographic erosion) compared with adalimumab [12] . A disease duration of 6 months was used, because it is more stringent than most definitions [14] [15] [16] [17] [18] [19] [20] and mimics the referral pattern to rheumatologists for diagnosis and initiation of DMARD therapy.
A cost-consequence analysis based on the AMPLE trial has previously been published to evaluate the cost per response and per patient in remission in ACPA-positive and ACPA-negative patients [21] . The aim of the current study was to evaluate the cost per response and per patient in remission for abatacept relative to adalimumab, both in combination with methotrexate, in patients with seropositive, erosive early RA in the US, Germany, Spain, and Canada.
Methods
A previously published deterministic decision tree was used to compare the cost per response and per patient in remission (cost-consequence analysis) for abatacept and adalimumab in a cohort of 1000 patients over a 2-year time horizon from the perspective of US, German, Spanish, and Canadian healthcare payers [21] . This type of analysis is a variant of a cost-effectiveness analysis (CEA), presenting health-related outcomes alongside costs and subsequently their relative value between alternatives, allowing decisionmakers to form their own view of the relative importance of each outcome [22] . This approach was taken due to the difficulty in identifying one single outcome to express all health benefits of a treatment option for RA.
Patient characteristics were based on the baseline characteristics from the AMPLE trial [23, 24] . Costs in the model included direct medical costs; no discounting was applied due to the short time horizon. Efficacy-related outcomes in the model were determined by the percentage of responding patients according to ACR or HAQ-DI and the percentage of patients in remission according to the disease activity score in 28 joints using the C-reactive protein level (DAS28-CRP), the clinical disease activity index (CDAI), and simplified disease activity index (SDAI). The safety-related outcomes were determined by the incidence of frequent adverse events (AEs), serious adverse events (SAEs), local injection site reactions (LISRs), malignancies not already included as SAEs, and autoimmune disorders. The main outcome measures of interest were the total health benefits and costs per health gain. The costs per health care gain were expressed as the incremental cost per additional responding patient or patient in remission with abatacept versus adalimumab. One-way sensitivity analyses (OWSA) were performed to assess the impact of model inputs on the difference in total costs.
Our research does not involve human participants or personal data. Therefore, no ethics approval was required. The AMPLE study on which this analysis was based did have the required ethics approval and this is mentioned in the main publication [11] .
Efficacy and safety
Clinical inputs were updated based on a post hoc analysis of the AMPLE trial, which compared efficacy and safety outcomes for patients in two subpopulations by treatment arm (Table 1) . Cohort 1 included patients with early RA (disease duration ≤ 6 months), RF and/or ACPA seropositivity, and > 1 radiographic erosion. Cohort 2 included patients with RA in whom at least one of these criteria was absent (i.e., the remaining AMPLE population) [12] .
Costs
Costs for abatacept and adalimumab were updated across all countries to reflect 2017 costs ( Table 2) . For the US, all unit costs were updated; for abatacept, adalimumab, methotrexate, and concomitant treatments, wholesale prices were taken from the First Databank: AnalySource [25] . In addition, disease monitoring costs, AE costs, and societal costs from 2014 were inflated to 2017 costs using the medical care category of the Consumer Price Index [26] . For Germany, unit prices were retrieved from the LauerTaxe database and calculated based on the list public price per pack (APU/HAP) minus the mandatory rebate price (pre-AMNOG) minus the mandatory pharmacy rebate price (Pfichtrabatt Apotheke) [27] . For Spain, study drug unit costs and concomitant drug costs were obtained from a national database [28] , and the list price was used minus the 7.5% mandatory discount to the Spanish National Table 1 Updated clinical input data Cohort 1 included patients with early RA (disease duration ≤ 6 months), RF and/or ACPA seropositivity, and > 1 radiographic erosion. Cohort 2 included patients with RA in whom at least one of these criteria was absent (i.e., the remaining AMPLE population) 
Additional analyses: indirect costs
Additional analyses to incorporate the societal perspective and indirect non-medical costs were performed for all countries. The costs of work absence, productivity loss due to early retirement, and patient out-of-pocket costs were included in the model based on the findings of Kobelt et al. [33] , who showed an association between HAQ-DI response levels and increased costs. The model calculates societal costs by combining the cost per HAQ-DI response level, where increasing levels indicate less favourable response, and the associated cost for that category. As the costs from Kobelt et al. were based on Swedish patients, costs were converted to the respective currencies in the US, Spain, and Canada using purchase power parities and inflated to 2017 values using the consumer price index. For Germany, costs were obtained from a database study of German patients with RA aged 18-64 [34] .
Results

Health benefits
Health benefits over 2 years are described in Table 3 .
Results for cohort 1 consistently favoured abatacept over adalimumab over 2 years, across all response criteria and for CDAI and SDAI remission. In cohort 2, results for abatacept were less consistent, with less pronounced differences compared with adalimumab. Fewer patients discontinued abatacept treatment compared with adalimumab in both cohorts. Lack of efficacy was more often reported to be the reason of abatacept discontinuation in cohort 2. However, fewer patients discontinued abatacept treatment because of lack of efficacy in cohort 1. In addition, fewer patients discontinued abatacept treatment because of safety reasons compared with adalimumab in both cohorts (Cohort 1: 26 patients vs. 111 patients; Cohort 2: 36 patients vs. 88 patients). This was also reflected in the lower number of serious adverse events and local injection site reactions when treated with abatacept across both cohorts.
Costs
Total costs for abatacept were lower in both cohorts for the US, Germany, and Spain (Table 4) . For Canada, total costs were lower for abatacept in cohort 2. For all countries, the highest cost saving was seen in cohort 2. The main driver for this was the lower incremental drug cost for patients in cohort 2. 
Costs per outcome
The incremental monthly cost per responding patient and per remitting patient (abatacept-adalimumab) are reported Fig. 1 . For cohort 1, all incremental costs per additional health gain were in favour of abatacept in all the countries, except for DAS28-CRP remission in Canada. In cohort 2, most results also favoured abatacept; however, when considering the Canadian model, ACR20 and ACR50 response, and DAS28-CRP and SDAI remission were in favour of adalimumab. Cost savings were generally greater in patients with seropositive, erosive early RA (cohort 1) compared to less severe patients (cohort 2). In addition, cost savings were greater when more stringent response criteria were applied (ACR20 vs ACR90) in both cohorts 1 and 2.
One-way sensitivity analyses
The results of the one-way sensitivity analyses showed that, across all countries and both cohorts, the unit cost of abatacept and adalimumab were the two most influential parameters. Increasing the unit cost of abatacept or decreasing the unit cost of adalimumab resulted in abatacept no longer being cost saving relative to adalimumab.
Additional analyses: indirect costs
Results for the additional analyses incorporating indirect costs are presented in Table 4 and Fig. 2 . As expected, total costs increase for both arms across both cohorts (Table 4) . Total indirect costs were higher for abatacept compared with adalimumab in both cohorts. This was due to a greater proportion of patients in the more severe HAQ-DI categories (which are associated with higher societal costs) in the abatacept arm than in the adalimumab arm at 2 years. As in the base case, total costs for abatacept were lower in both cohorts for the US, Germany, and Spain. For Canada, total costs were lower for abatacept only in cohort 2.
For cohort 1, all incremental total costs per additional health gain were consistent with the base case and favoured abatacept in all countries except for DAS28-CRP remission in Canada. In cohort 2, whilst most of the results continued to favour abatacept in the US, Germany, and Spain, results for Canada became less consistent with most of the endpoints favouring adalimumab.
Discussion
The current study was performed to evaluate the cost per response and per patient in remission for abatacept relative to adalimumab, both in combination with methotrexate, in patients with seropositive, erosive early RA in the US, Germany, Spain, and Canada.
In our base case (excluding indirect costs), the cost per responder favoured abatacept in patients with seropositive, erosive early RA (cohort 1) across all countries. The cost per DAS28-CRP, CDAI, and SDAI remission also favoured abatacept in patients with seropositive, erosive early RA in all countries, except for DAS28-CRP in Canada. The differing result in Canada can be explained by the similarity in the price of abatacept and adalimumab seen in Canada-in all other countries, abatacept is less expensive than adalimumab. This is supported by the results of the one-way sensitivity analyses where changes in the relative costs of abatacept and adalimumab had the largest impact on the model results. Cost savings versus adalimumab were greater in patients with seropositive, erosive early RA (cohort 1) compared to less severe patients (cohort 2) and when more stringent response criteria were applied (cohorts 1 and 2).
When indirect costs were included, the cost per responder and cost per CDAI and SDAI remission continued to favour abatacept in cohort 1 across all countries. However, in cohort 2, results were less consistent, with more outcomes favouring adalimumab when compared with the base case.
Patients with seropositive, erosive early RA have the poorest prognosis making it important to treat these patients promptly with biologic agents [13] . We have demonstrated that, in this patient population, the use of abatacept can be cost saving compared with adalimumab irrespective of the inclusion or exclusion of indirect costs and the countries explored.
The current analysis did not consider the lower cost of biosimilar adalimumab as it was not available across all markets at the time of study. Although the price differential between branded abatacept and biosimilar adalimumab is expected to be lower, we anticipate that the cost per patient in clinical response/remission in seropositive, erosive early RA patients will remain in favour of abatacept.
Limitations pertaining to our updated analysis relate to the post hoc nature and limited sample size for patients with seropositive, erosive early RA from the AMPLE trial used to update the clinical inputs. Nonetheless, this post hoc analysis allowed us to include disease duration ≤ 6 months in the definition of early RA in line with the 2015 ACR criteria [6] .
A further limitation relates to our use of data from the AMPLE trial, as it is known that patients treated within 1 3 
Fig. 2
Incremental costs per health gain across all countries (average monthly cost per patient on abatacept minus the average monthly cost per patient on adalimumab)-including indirect costs a randomized-controlled trial may not necessarily reflect patients treated in the real world. In addition, whilst the AMPLE trial was a multi-national study (including sites in the US and Canada), there may be possible variations in the applicability of the results to Germany and Spain.
Finally, for the calculation of indirect costs in the US, Spain, and Canada, data from a study in Swedish patients [33] were used as it was the only source found linking HAQ-DI response levels with indirect costs. Whilst every attempt was made to correct for differences in currency and the timing of the Swedish study by Kobelt et al., there may be fundamental differences in the indirect costs between patients in the US, Spain, and Canada.
With the increasing number of expensive biologic treatment options, it is becoming increasingly important to be able to identify the subgroups of patients in which treatments are particularly cost-effective. Patients with seropositive, erosive early RA are an important group to target when looking to reduce the budget impact of biologic treatments.
The cost per responder and patient in remission favoured abatacept in patients with seropositive, erosive early RA across all countries. Cost savings were greater in this patient population with poor prognosis and when more stringent response criteria were applied. In this patient population, the use of abatacept instead of adalimumab can lead to lower costs in the US, Germany, Spain, and Canada.
